Unveiling the Quantum Dawn. A new era in computing 


By Muhammad Omar Rasin 


In the field of computer science, a new morning tide has come in to replace the fading 
afternoon hours—a dawn that marks a new era characterized by quantum computing’s 
exceptional capacities. In contrast with the classical computers, which operate by bits that 
represent digits "0" or "1", quantum computers utilize quantum principles of nature such 
as superposition and entanglement to carry out quantum calculations with qubits. The 
revolutionary method could unleash vast computing power incomparable with the 
algorithmic processes available on a regular basis that are unable now to cope with some 
of today's super intricate problems. 


Superposition is the essence of a quantum computer (here, qubits can assume all the 
states at the same time). This is enabling quantum computers to consider theories and 
solutions to a given problem exponentially at the same time which lead to an increase in 
the possible solutions to the problem in parallel. In addition to the principle of 
superposition, quantum computers make use of another quantum phenomenon, 
entanglement, where the state of a qubit becomes correlated to and dependent on the state 
of a second qubit, even if they happen to be located far apart from one another. Thus, 
these devices can conduct very specific computations with high efficiency and accuracy. 


Apart from many uses of quantum computing, the one that is impossible to ignore is the 
application of quantum computing in cryptography. Common traditional encryption 
approaches (RAS, for example) such as RSA and ECC, focus on the time-cost 
factorization of huge numbers to reach security. Though, quantum computers can use 
algorithms like Shor's in order to break the encryption schemes that work with the same 
big numbers, in fact, they are able to perform the factoring exponentially faster than 
classical algorithms do. Therefore, quantum-resistant cryptography has become a 
necessity of ensuring secure storage and transmission of such information like private 
keys in an era of quantum computing. 


The major advantage of quantum computing is that, apart from cryptography, it offers 
solutions to disciplines such as optimization, drug discovery, materials science and AI. 


Specifically, quantum computational tools could revolutionize drug discovery that could 
be carried out more effectively than in the past by modeling molecules with 
never-before-seen precision, resulting in the identification and development of novel 
medications and therapies. Therefore, like previous instances, quantum algorithms could 
serve as an optimization element in complex logistical systems, financial modeling, and 
machine learning algorithms, making new paths in the field of data analysis and 
decision-making. 


In spite of the really great potential for quantum computing, there are serious problems 
on the way to making quantum computers practical. These individual bits are called 
qubits, and they act very sensitively—even the noise in the surroundings or internal 
decoherence might cause errors. As scientists are now working on solutions to these 
problems, like error correction codes, fault-tolerant quantum gates, and enhanced qubit 
designs, we expect quantum computers to gain critical capability in the near future, 
eventually, helping us solve problems that were deemed unsolvable in the past. In 
addition, getting large scale quantum products and putting together quantum algorithms 
with classic computing systems are where researchers and developers put their effort. 


The possibility for quantum computing in the future lies undoubtedly to change in a 
breakthrough manner where we solve problems, process information and even understand 
the very nature of the universe. Quantum computing will likely be the center of gravity in 
science for many years to come, but the adventure to solve the mysteries of quantum 
physics rather started at the moment it was born, which will bring many new discoveries 
and innovations in computer science. 


